Abstract
Introduction

29
China's annual civil engineering (CE) college graduates have numbered between 80,000 and 30 85,000 (China Education On-Line, 2014), more than four times of the figure in the U.S., 31 which is around 20,000 (DataUSA, 2015) . Despite of the large number of CE graduates in 32 China, there have not been sufficient pedagogical studies to address certain key issues of CE 33 education, specifically, 1) how could CE undergraduates learn and practice in a more 34 effective way whereas Chinese universities are investing more on research facilities with 35 relatively fewer resources for and less focus on teaching and learning? 2) how could Chinese 36 universities have a more integrated curriculum instead of the typical scenario with lower 37 years' CE education focusing on students' knowing and understanding-oriented learning and 38 then moving towards more application and analysis based learning in upper years? 3) how 39 could students be motivated in a more active learning environment (e.g., the experimental 40 approach introduced by Chacón and Oller (2017) in structural subjects) by adopting various 41 teaching and learning activities to achieve a more comprehensive coverage of learning This pedagogical study started from demonstrating student work in the WFA course in 62 engineering drawing, hands-on fabrication, and structural modeling/analysis aiming to reflect 63 their critical thinking and active learning. The main objectives of this pedagogical study are 64 as follows: 1) testing the hypothesis that the two student samples in WFA and CASA courses 65 had consistent previous academic performance in the CE curriculum and similar motivation 66 levels in structural analysis subjects; and 2) analyzing WFA students' feedback in their 67 learning satisfaction, course effectiveness in enhancing key skills, and effects of this course in their subsequent years of study and future careers, based on the comparison to the other 69 student sample from the CASA course. A certain teaching methodology in engineering 70 education could serve as a reference and stimulate other educators (Soria et al., 2013) . This 71 pedagogical case would serve as such a reference to other CE programs in higher education 72 on how the integrated teaching and learning activities could be embraced as updates to 73 traditional CE education. Lessons learned from this new course provide insights of how the 74 innovative integrated teaching and learning activities in lower years of undergraduate CE 75 curriculum could work as alternatives to traditional computer-aided structural analysis 76 subjects by applying students' knowledge in prior learning meanwhile motivating students' 77 study in follow-up years.
78
Background
79
The integrated pedagogical approach, involving multiple learning activities such as 80 information search, teamwork, research-driven teaching, sustainability, student presentation, 81 and industry-led education, has been applied in some existing CE pedagogies (e.g., Sacks and (Sánchez and Millán, 2013 China. Although KML appears simple, it could be challenging to fabricate or assemble and it 166 is believed to be effective in enhancing the visual spatial intelligence of trainees. FLOS is a 167 classic woodwork in China. Although seemingly simple in its structure, it has all cutting surfaces sloped and could be challenging for spatial reasoning. FLOS is considered suitable 169 to enhance student skills in spatial reasoning and geometric modeling. FLOS also requires 170 high accuracy in the fabrication process. It has superior capacity in resisting compressive 171 pressure and was thus adopted as the case study for structural analysis. The WFA course 172 structure and delivery are summarized in Table 1 . 173 It can be seen from Table 1 In the FLOS top surface displayed in Fig.7 , a student found that the connection between 262 tenon and mortise was loose. The student analyzed that the loose connection, which would 263 not be found in pure computer-aided modeling and analysis, would cause the stress 264 concentration along the mortise edges, and causing further issues in structural reliability. 265 Therefore, the student performed extra work by adding thin wood pieces shown in Fig.7 Prerequisites of students from both courses 276 The hypothesis that students from both courses had consistent previous performance in 277 CE relevant courses and similar motivation levels to studying structural analysis subjects 278 were first tested using the two-tailed t-test. Four Likert-scale questions were asked to students, 279 with 1 indicating their pervious performance was very poor or no motivation to study 280 structural analysis subjects, 2 being below the average performance or not very interested in 281 structural analysis, 3 meaning neutral, 4 referring to above the average or fairly interested in 282 structural subjects, and 5 indicating excellent or highly motivated. The overall mean values of the first three items in Table 3 are Table 3 were ranked according to their overall mean values, and the 325 top two ranked items in both student samples were related to structural analysis, evaluation, 326 and further understanding in structural forms. It can be found in Table 3 that students enrolled 327 in both courses had generally consistent ranking of the five LOs. Table 4 339 was adapted to collect students' feedback. Students were given the numerical options to The overall mean values of each item in Table 4 were over or close to 4.000, inferring 348 that students had positive views of both courses' contribution to their upper-level core course 349 study, motivation, and skills needed for their future career. All p values higher than 0.05 350 conveyed the information that both courses were perceived by students with consistently 351 positive effect in their future study and career. The rankings of the three items in Table 4 352 were the same for the two student samples, with the highest-ranked item being the course 353 effect in their overall CE study.
354
Discussion and Summary
355
As part of the innovation in CE education at Wenzhou University, hands-on fabrication 356 followed by structural modeling and analysis was incorporated in the CE curriculum. in students' follow-up learning and practice will be tracked upon students' degree completion.
463
As follow-up teaching for junior and final year students in the same CE curriculum, the 464 engineering graphics of the Kong-Ming lock and the four-leg octagonal stool can be 465 integrated into BIM course for students to continue the case study by creating new members 466 in the BIM digital library at Wenzhou University. 
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